(1) Determine procedure-specific rates of postdischarge complications (PDCs) and their risk factors in the first 30 days following inpatient otolaryngologic surgery. (2) Evaluate association between PDCs and risk of reoperation and mortality.
Introduction
Hospital readmissions have been shown to be costly and associated with lower quality of inpatient care. 1, 2 Since October 2012, the Hospital Readmissions Reduction Program section of the Affordable Care Act has required the Centers for Medicare and Medicaid Services to levy a financial penalty on hospitals with excess readmissions. 3 Surgical patients have been shown to be at particularly high risk for readmission. 2, 4 Otolaryngologic readmissions are associated with higher costs and increased mortality. 5 One factor that may contribute to hospital readmissions and reoperations are postdischarge complications (PDC). Much of the recent literature on postoperative outcomes in otolaryngology have been limited to studies of inpatient morbidity and mortality. 6, 7 Recent studies in the general surgery literature have shown that 33% to 42% of postoperative complications occur after discharge. 8, 9 Most quality improvement programs only analyze data on in-hospital adverse events, and inclusion of postdischarge data has been shown to change overall hospital quality rankings. 9 There is a paucity of literature on PDCs in otolaryngologic surgery. In order to have effective and targeted quality improvement interventions, it is necessary to assess procedure-specific rates of complications, unplanned reoperations, and mortality. To our knowledge, this is the first study of overall procedure-specific PDCs after inpatient otolaryngologic surgery. The purposes of our study were: (1) to determine procedure-specific rates of PDCs and risk factors associated with PDCs and (2) to evaluate the association between experiencing a PDC and the risk of reoperation or mortality.
Methods

Data Source and Study Subjects
This study used data from the American College of Surgeons National Surgical Quality Improvement Program (ACS-NSQIP) database for the years 2005 through 2011. Demographic, surgical, preoperative, intraoperative, and 30day postoperative data are collected by centrally trained clinical reviewers at more than 250 sites across the country. A detailed description of the methods of the NSQIP database has been described elsewhere 10 and is available from the Participant Use Data File user guide. 11 Adult patients (aged 18 years) who underwent 1 of 8 groups of inpatient otolaryngologic procedures were identified in the database. An inpatient procedure was defined as any procedure for which the patient stayed in the hospital for at least 1 day.
Primary otolaryngology procedures were identified using Current Procedural Terminology codes. We grouped common otolaryngologic procedures into 8 main categories: (1) laryngectomy (total, supraglottic, partial, or pharyngolaryngectomy), (2) neck dissection (suprahyoid, cervical, or modified radical), (3) lip (excision or resection), (4) tongue/ floor of mouth (tongue excision, glossectomy, or composite procedure), (5) palate (uvulectomy or palatopharyngoplasty), (6) salivary gland (parotid, submandibular, or sublingual gland), (7) tonsillectomy/adenoidectomy, and (8) thyroid (lobectomy, total thyroidectomy) ( Table 1) .
Patient demographics included age, gender, race, prehospitalization residence, functional status, and discharge destination. Race was defined as white, black, and other (Hispanic, Asian, Native Hawaiian or Pacific Islander, American Indian or Alaskan Native). Prehospitalization residence was classified into home (including patients arriving from another hospital's emergency department), acute care hospital (inpatient), chronic care facility, and other. Functional status characterized the patient's ability to perform activities of daily living in the 30 days prior to surgery and was grouped into independent, partially dependent, and totally dependent. Discharge destination was categorized into home, facility, separate acute care, and rehab.
Patient comorbidities included body mass index (BMI), diabetes, smoker, alcohol use, dyspnea, history of severe chronic obstructive pulmonary disease (COPD), current pneumonia, heart disease, cerebrovascular disease (CVA), sepsis, disseminated cancer, hypertension, and chronic steroid use. Smoker was defined as any patient who had smoked cigarettes in the year prior to admission for surgery.
Alcohol use was defined as 2 or more drinks per day in the 2 weeks prior to admission. Dyspnea was grouped into at rest, with moderate exertion, and none. Heart disease included congestive heart failure (newly diagnosed or an acute exacerbation within 30 days of surgery), history of myocardial infarction in the 6 months prior to surgery, previous percutaneous coronary intervention or cardiac surgery, or any history of angina in the month prior to surgery. CVA included any patient with history of a transient ischemic attack or cerebrovascular accident. Sepsis included any patient that meets criteria for systemic inflammatory response syndrome, sepsis, or septic shock.
Operative variables included surgeon specialty, presence of a resident, emergent or nonemergent surgery, operative time, American Society of Anesthesiologists (ASA) Outcomes of interest included occurrence of postoperative complications (including both pre-and postdischarge complications), unplanned reoperation, and mortality within 30 days of surgery. Postoperative complications were grouped into surgical site complications (superficial, deep, and organ space infections and wound dehiscence), infections (pneumonia, urinary tract infection, sepsis, or shock), prolonged ventilator use (greater than 48 hours), unplanned reintubation, venous thromboembolism (VTE) (pulmonary embolism, deep venous thrombosis, or thrombophlebitis), renal (progressive renal insufficiency or acute renal failure), cardiovascular (stroke, cardiac arrest, myocardial infarction, or bleeding requiring .4 units of packed red blood cells), graft failure (graft, prosthesis, or flap failure), and other complications (peripheral nerve injury or coma .24 hours). A postoperative complication was defined as a PDC if the number of days from operation to complication was greater than the number of days from operation to discharge. Reoperation was characterized as an unplanned return to the operating room at any hospital within the 30day postoperative period, excluding patients who have follow-up surgeries based on pathology findings from the primary procedure.
Statistical Analysis
Bivariate analysis was used to compare patients with PDCs to those who did not have a PDC. x 2 and Fisher's exact tests were used for categorical variables, and t tests were used for continuous variables. Multivariate logistic regressions were used to identify risk factors associated with PDCs and unplanned reoperation. Odds ratios (OR) and 95% confidence intervals (CIs) were calculated for the strength of association between each risk factor and the outcomes of interest. All tests were 2-sided, and P \ .05 was considered statistically significant.
Data analysis was performed using Statistical Package for the Social Sciences (SPSS) software (version 21.0; SPSS Inc, Chicago, Illinois). Permission was granted from ACS-NSQIP to use and disclose the data. ACS-NSQIP data are publically available, and all patient information is de-identified; consequently, this study was granted an exemption from our institutional review board.
Results
A total of 48,028 adult patients who underwent 1 of 8 inpatient otolaryngology procedures from 2005 through 2011 were identified. The mean age was 52.0 years, and most patients were female (74.3%) and white (77.5%). In our study sample, the most common procedures were thyroidectomy (83.8%), neck dissection (5.1%), and salivary gland procedures (4.5%).
Postdischarge Complications
The overall 30-day postoperative complication rate was 2.8%, with a 1.7% rate of predischarge complications and 1.2% rate of PDC ( Table 2) . Laryngectomy, lip surgery, and tongue/floor of mouth surgery had the highest rate of PDCs (8.0%, 7.4%, and 4.1%, respectively). The PDC rate was more than twice the predischarge complication rate for salivary gland (ratio = 2.5) and palate procedures (ratio = 2.1). The majority of PDCs were surgical siterelated or other infections ( Table 3) .
Within the first 48 hours, first week, and first 2 weeks post discharge, 10%, 44%, and 73% of PDCs occurred, respectively (Figure 1 ). In the first 48 hours post discharge, the most common types of PDCs were pneumonia (24.1%), superficial site infections (16.1%), urinary tract infections (13.8%), and unplanned intubation (11.5%). By 2 weeks post discharge, superficial site infections represented 27.8% of all PDCs. The proportion of complications that occurred post discharge relative to pre discharge was greatest for surgical site complications (74.3%), VTE (52.4%), and other infections (47.3%) ( Figure 2 ). Compared to those without a PDC, patients with a PDC were more likely to be older (mean age 52.0 years vs 57.2 years, P \ .001), male (25.5% vs 41.0%, P \ .001), admitted from a residence other than home (2.1% vs 0.5%, P \ .001), and discharged to a facility (1.0% vs 3.2%, P \ .001) ( Table 4) . Patients with a PDC were more likely to have comorbid diabetes, dyspnea, COPD, pneumonia, hypertension, heart disease, CVA, sepsis, and disseminated cancer. They also were more likely than those without a PDC to have prolonged operative times (38.6% vs 24.6%, P \ .001), hospital LOS .1 day (41.9% vs 18.4%, P \ .001), and ASA class 3 (53.1% vs 29.4%, P \ .001). The majority of patients with predischarge complications did not also have a PDC, but patients with a predischarge complication were 5 times more likely to have a PDC than those without an inpatient complication (5.5% vs 1.1%, P \ .001). On multivariate analysis, after adjusting for procedure group, patient age (OR = 1.01; 95% CI, occurrence of a PDC ( 
Mortality
Overall, the 30-day mortality rate for inpatient otolaryngologic procedures was 0.1%. The mortality rate was highest for laryngectomy (2.1%). Patients with a predischarge complication were more likely to die in the 30-day postoperative period than those who did not have a predischarge complication (4.9% vs 0.1%, P \ .001). Similarly, patients who experienced a PDC were more likely to die in that time period than those who did not have a PDC (0.9% vs 0.1%, P = .001).
Discussion
This is the first national study of procedure-specific rates and risk factors for PDCs after inpatient otolaryngologic surgery. Most current analyses of postoperative complications focus primarily on in-hospital complications. However, we found that over 40% of postoperative complications following otolaryngologic surgery occurred post discharge. PDC rates varied significantly by procedure; laryngectomy had a ninefold higher rate of PDC than thyroidectomy. A tenth of all PDCs occurred within the first 48 hours after discharge.
In the 30-day postoperative period, patients who experienced a PDC were 9 times more likely than those without a PDC to have an unplanned reoperation or die. The overall 30-day PDC rate in our study was 1.2%, which is markedly lower than the PDC rates in general surgery. In an analysis of 12,956 colectomies in NSQIP, Oyetunji et al determined a PDC rate of 8.7%. 12 Similarly, a study of 551,510 patients undergoing general surgery procedures by Kazaure et al reported an overall PDC rate of 6.9%. 8 We found that approximately 40% of complications occurred post discharge, which validates recent findings in general surgery that demonstrated that 33% to 42% of postoperative complications 8, 9 and 24% of deaths 9 occurred post discharge.
We found that the most common types of PDCs were surgical site infections, pneumonias, and urinary tract infections. PDCs outnumbered predischarge complications, with over 74% of surgical site complications and 47% of other infections occurring in the postdischarge period. In a population-based survey of 622,683 surgical patients, Daneman et al determined that head and neck surgery was an independent risk factor for postdischarge versus inhospital diagnosis of a surgical site infection when compared to abdominal surgery (OR = 1.66; 95% CI, 1.53-1.80). 13 They reported a 5.0% rate of postdischarge surgical site infections, with 70% of postoperative site infections occurring post discharge. 13 Reid et al conducted a single-institution study of the infection rate of 1964 clean wounds in the 30-day postoperative period and reported a 7.1% infection rate after head and neck surgery; approximately two-thirds of the wound infections arose after discharge. 14 Surgical site infections carry a significant economic burden. A recent nationwide study of surgical site infections found that these infections, on average, extended hospital LOS by 9.7 days and increased cost by $20,842 per admission. 15 An analysis of postdischarge surgical site infections demonstrated that patients with postdischarge infections incurred $3,382 more in total costs than their matched controls. 16 Perioperative antibiotics have been shown to be neither cost-effective nor beneficial in preventing infections in clean uncontaminated otolaryngologic procedures 17, 18 but have been shown to be beneficial in clean/contaminated procedures. 19 In a study of postdischarge head and neck wound infections, Reid et al determined that there was no difference in infection rates with the use of antibiotics (7.8% vs 7.9%, P = .99); antibiotics only delayed the occurrence of postdischarge infections (9.8 days vs 11.9 days, P \ .001). 14 The current literature regarding prophylactic courses of postoperative antibiotics has been inconclusive since antibiotics may be more likely to be used in cases where physicians believe that they are needed. We observed that the presence of a PDC was associated with unplanned reoperation and increased mortality. In a review of 3044 patients undergoing index general surgical procedures, Birkmeyer et al demonstrated that reoperation was associated with increased mortality rates (15.9% vs 2.3%, P \ .001) and total hospital charges ($82,300 vs $17,700, P \ .001). 20 The majority of these reoperations were due to surgical site complications (85%). 20 Given the morbidity and economic costs associated with PDC, we identified important risk factors associated with PDC in order to better triage high-risk patients. PDC rates are procedure-specific and patients undergoing laryngectomy, lip, and tongue/floor of mouth surgery are at the highest risk of experiencing a PDC. Additionally, patients who underwent salivary gland or palate procedures have rates of PDCs that are more than twice the rate of predischarge complications and may also benefit from close follow-up. We identified specific patient comorbidities that may aid in the implementation of targeted discharge and follow-up plans, including dyspnea, chronic steroid use, CVA disease, and sepsis.
After adjusting for procedure group, prolonged operative time and ASA class continued to be independent predictors of PDCs. Prolonged operative time has been shown to be an important predictor of wound complications in laryngectomy 21 and in general surgery. 8, 12, 14 Since surgical site infections were a common PDC, prolonged operative time may have contributed to PDCs through prolonged exposure of the surgical site and decreased effectiveness of preoperative antibiotics with increased operative time. These results highlight the importance of careful preoperative patient selection and optimization of operative efficiency without compromising thoroughness.
Some of the otolaryngologic procedures we identified, especially thyroidectomies, are performed by both otolaryngologists and general surgeons, so we controlled for this factor by including surgeon specialty in our multivariate analysis. On bivariate analysis, otolaryngologists have a slightly higher rate of PDCs than other specialties; however, this difference is no longer significant on multivariate analysis after adjusting for procedure group and patient characteristics. This suggests that the difference in the rates of PDCs between otolaryngologists and other surgical specialties is likely secondary to differences in the types of otolaryngologic procedures they perform.
The immediate postdischarge period was the most susceptible time for patients. Approximately half of all PDCs occurred in the first 10 days after discharge. Close follow-up among high-risk patients may help decrease the rate of PDCs in otolaryngologic follow-up. This follow-up can be in the form of an automated home monitoring system, physician follow-up, or structured follow-up with care coordinators. Graham et al found that an automated home monitoring system reduced the rate of 30-day readmissions by 44%. 22 A review of 1,855,702 Medicare patients by Jencks et al revealed that 50% of patients who were rehospitalized within 30 days of discharge had not seen a physician in that time period. 4 Limitations of our study include those inherent to large databases, such as coding errors and misclassification. The ACS-NSQIP is a well-validated national database that conducts regular audits to ensure reliability of data. 23 Unplanned readmission was coded for fewer than 2% of the patients in our sample, so we were unable to analyze the association between PDC and unplanned readmissions. The timing of unplanned reoperation was not classified in the database, so we were unable to delineate whether reoperation occurred before or after the PDC. ACS-NSQIP is administered by the American College of Surgeons, so a large proportion of the procedures analyzed were thyroidectomies, which are performed by both general surgeons and otolaryngologists. However, on multivariate analysis, we did not find that surgical specialty was associated with an increased risk of postdischarge complications. Information related to antibiotic use, costs, surgeon volumes, hospital type, geographic region, long-term postoperative outcomes, and disease severity was not recorded in ACS-NSQIP and could not be analyzed.
In otolaryngologic surgery, PDCs are procedure-specific, occur soon after discharge, and are associated with unplanned reoperation and mortality. Our results demonstrate that targeted triage and follow-up plans are needed in order to best address PDCs. Further research is needed in order to evaluate systems for managing otolaryngology patients after hospital discharge. Continued multiinstitutional data collection on PDCs is needed in order to continue quality improvements in otolaryngologic surgery. revision for important intellectual content, final approval; Julie A. Sosa, contributions to conception and design, critical revision for important intellectual content, final approval. Benjamin L. Judson, contributions to conception and design, analysis of data, revision for important intellectual content, final approval.
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